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E\ )/8(1770 'XH WR LWV VPDOO VL]H WKH GHVLJQ VXIIHUHG KLJK LQVWDELOLW\ LVVXHV +RZHYHU WKH PRGHO SURYHG WR EH
FRQWUROODEOH$Q RSWLPDO FRQWUROOHUZDVSURSRVHG WR VWDELOL]H WKH \DZLQJPRYHPHQWE\ FRQWUROOLQJ WKH UXGGHUGHIOHFWLRQ
$QDO\VLVRQWKHEOLPSPRWLRQEHKDYLRUGXHWRUXGGHUGHIOHFWLRQZDVDOVRFRQGXFWHG7KHUHVWRIWKHSDSHULVRUJDQL]HGDV
IROORZV6HFWLRQ,,GHVFULEHV WKHPRGHOE\ LQWURGXFLQJDVVXPSWLRQNLQHPDWLFVDQGGHFRXSOHGG\QDPLFPRGHO ,Q6HFWLRQ








VLPLODUDVXQGHUZDWHU YHKLFOHV:KHQDEOLPSDVFHQGV WKH WKUXVWHUZLOOSURYLGHXSZDUG OLIW IRUFHDQGKHOLXPPDNHV WKH
YHKLFOHWREHSRVLWLYHO\EXR\DQWDQGULVHVXS$VLWUHDFKHVWKHFUXLVLQJDOWLWXGHWKUXVWHUDQJOHZLOOFUHDWHQHXWUDOEXR\DQF\











7KH ERG\±IL[HG IUDPH LV D PRYLQJ FRRUGLQDWH IUDPH ZKLFK LV IL[HG WR WKH EOLPS 7KH SRVLWLRQ DQG RULHQWDWLRQ DUH
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ZKHUHɄ א 5î6DQG Yא5  Vș VLQș DQG Fș  FRVș YDOLG IRU  ±ʌș ʌ 7KH ERG\ IL[HG DQJXODU YHORFLW\ YHFWRU
STU DQG (XOHU UDWH YHFWRUሺ߶ǡ ߠǡ׫ ߰ሻ  DUH UHODWHG WKURXJK D WUDQVIRUPDWLRQ PDWUL[ ,Q WKLV PRGHO WKH ODWHUDO DQG
ORQJLWXGLQDO G\QDPLF LV WDNHQ LQWR DFFRXQW )LJ  VKRZV WKH D[HV LQYROYHG LQ WKH ERWK GHFRXSOHG PRGHOV 7KH EOLPS
PRGHOLQJ VKRXOG FRQVLGHU VHYHUDO FRPSRQHQWV VXFK DV FRULROLV HIIHFW FDXVHG E\ HDUWK URWDWLRQ JUDYLW\ EXR\DQF\ HIIHFW
DHURG\QDPLFV DQG WKH SURSXOVLRQ V\VWHP 6XEVWLWXWLQJ  WKH  ZLWK WKH HOHPHQW RI DHURG\QDPLF JUDYLW\ EXR\DQF\
FRULROLVDQGSURSXOVLRQWKHIXOOPDWKHPDWLFDOPRGHORIDEOLPSFDQEHZULWWHQDVIROORZV
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&)'VLPXODWLRQ
7KH REMHFWLYH RI WKLV VWXG\ LV WR DFTXLUH WKH DHURG\QDPLF FRHIILFLHQW IRU WKH EOLPS PRGHO FKDUDFWHULVWLF ,Q RUGHU WR
SHUIRUPQXPHULFDOLQYHVWLJDWLRQJHRPHWU\PHVKLQJZDVJHQHUDWHGXVLQJ*$0%,7VRIWZDUH7KH'PHVKLQJZDVDSSOLHG
WR WKH DLU XVLQJ XQVWUXFWXUHG WULDQJXODUPHVK UHVXOWLQJ LQ FHOO YROXPHV )LJ VKRZV WKH IORZ ILHOG FRPSXWDWLRQDO
GRPDLQ7KHQWKHPHVKILOHZDVLPSRUWHGWR)/8(1770IRUQXPHULFDOVWXG\VWHDG\QDYLHUVWRNHVHTXDWLRQZDVGLVFUHWL]HG
XVLQJILQLWHYROXPHDQGSUHVVXUHYHORFLW\FRXSOLQJZDVLPSOHPHQWHGXVLQJVLPSOHDOJRULWKP,QWKLVZRUN.DSSDHSVLORQ





























7KLV VHFWLRQ GLVFXVVHV EOLPS ODWHUDO FRQWURO XVLQJ RSWLPDO FRQWURO 7KH PRGHO DQG FRQWURO DELOLW\ ZHUH WHVWHG XVLQJ















%DVHGRQ WKHG\QDPLFPRGHOLQJH[SUHVVHG LQ6HFWLRQ ,,ZHVWXGLHG WKHPRGHOSHUIRUPDQFH ,Q ODWHUDOFDVH WKH VWDWH
YHFWRUFRQVLGHUHGIRUWKHG\QDPLFFKDUDFWHULVWLFVFDQEHUHSUHVHQWHGDVIROORZV
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RI EOLPS>@  ,Q ODWHUDO FRQWURO GHVLJQ UXGGHU LV XVHG WR FRQWURO \DZLQJ 7KH RXWSXW DIIHFWHG E\ WKLV PRGHO ZLOO EH
UHSUHVHQWHGE\YSUDQG߮VWDWHV,QRUGHUWRPDQHXYHUWKHEOLPSVKRXOGKDYHWKHDELOLW\WRFRQWUROSRVLWLRQZKLOHPRYLQJ










































WKDW E\ DGGLQJ DQJOHV IRU \DZLQJ LW GHIOHFWHG WKH ERG\ \DZ DQJOHV DQG DOVR WKH UROO DOWLWXGH ZKHUH HDFK GHIOHFWLRQ
FRQWULEXWHGIRU\DZUDWHDQGWRWKHUROODQJOH1RWHWKLVEDVHGRQGHJUHHVOHIWDQGULJKWPRYHPHQW
1HJDWLYHGHIOHFWLRQVLPXODWLRQ+HUHWKHV\VWHPZHUHH[FLWHGZLWKDQDQJOHRIWRGHJUHHXVLQJWKHVDPHVHWWLQJLQ
























































7KHVXPPDUL]HUHVXOWVREWDLQHGIURP WKH VLPXODWLRQDUHJLYHQ LQ7DEOH ,,7KH LQSXW XQLWVZHUHGHVFULEHG LQGHJUHH WR
UHSUHVHQW WKH UHDO EHKDYLRU RI WKH EOLPS ,W FDQ EH REVHUYHG WKDW  E\ LQWURGXFLQJ  GHJUHH WR WKH UXGGHU  FRQWULEXWHG
DSSUR[LPDWHO\U VRIERG\\DZUDWH7KHUHIRUHWKHPD[LPXPGHIOHFWLRQLQ\D[LVJLYHVE\U VFRUUHVSRQGHG
WRFKDQJHVZLWKLQWKHRSHUDWLQJUDQJHRIZLWKVHWWOLQJWLPHRIV7KLVEHKDYLRUZDVQRWRQO\HIIHFWHGWKH\DZ
UDWHVLWDOVRSURGXFHGDUROO+HUHDVPDOOYDOXHVRIS VDQGԄ VJLYHQE\ɁU 7DEOH,,,UHSUHVHQWVWKH
HUURUSHUFHQWDJHVIRUWKHSURSRVHGFRQWUROOHU7KHDYHUDJHHUURUFRQWULEXWHGE\ WKHGHVLUHGLQSXWZDVDSSUR[LPDWHO\
UDWKHU VPDOO 7KHKLJKHVW HUURUZDV IRU GHJUHHGHIOHFWLRQ DQG  WKH ORZHVWZDV IRU  GHJUHHGHIOHFWLRQ1RWH WKDW WKH




ɁUGHJ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ͲϬϯ ϰϲ͘ϵϵϳϰϴ Ϯϲ͘ϲϴϰϭϮ
 Ͳϯ͘ϴϬϵϭϯ Ϯ͘ϲϲͲϬϯ ϳϬ͘ϰϵϲϮϮ ϰϬ͘ϬϮϲϭϴ
 Ͳϱ͘Ϭϳϴϴϰ ϯ͘ϱϰͲϬϯ ϵϯ͘ϵϵϰϵϳ ϱϯ͘ϯϲϴϮϰ
 Ͳϲ͘ϯϰϴϱϱ ϰ͘ϰϯ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 Ͳϳ͘ϲϭϴϮϱ ϱ͘ϯϮ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7DEOH,,,(UURUSHUFHQWDJHV
ȁߜ௥ȁ ȁܺ௥ȁ ȁݕ௖ȁ ห݁௟௤௥ห ݁௟௤௥ሺйͿ
ϭ Ϭ͘Ϭϰϲ Ϭ͘Ϭϰϯ Ϭ͘ϬϬϯ ϲ͘Ϭϴϴϯ
ϱ Ϭ͘ϮϯϬ Ϭ͘Ϯϭϲ Ϭ͘Ϭϭϰ ϲ͘Ϭϰϲϭ
ϭϬ Ϭ͘ϰϲϬ Ϭ͘ϰϯϮ Ϭ͘ϬϮϴ ϲ͘Ϭϴϴϯ
ϭϱ Ϭ͘ϲϵϬ Ϭ͘ϲϰϴ Ϭ͘ϬϰϮ ϲ͘ϬϳϰϮ
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WKHEOLPSZDV DEOH WR DFKLHYH FRQWUROODELOLW\ DQG DFFHSWDEOH VWHDG\VWDWH  UHVSRQVH  7KLVPHDQV WKHPLQLPXPHQHUJ\ LV
QHHGHGLQRUGHUWRFRQWUROWKHEOLPSSRVLWLRQ

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&RQFOXVLRQ

7KLV SDSHU SUHVHQWV GHFRXSOHG ODWHUDO PRGHO RI D VPDOO EOLPS EDVHG RQ DHURG\QDPLF FRHIILFLHQW SURGXFHG E\ &)'
SDFNDJH7KHRSWLPDOFRQWUROLVXVHGWRFRQWUROWKHUXGGHUGHIOHFWLRQWRSURGXFHVWDEOH\DZLQJUDWHDQGUROO:HKDYHVKRZQ
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